ME April I9U3 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 

ORIGiNALLY ISSUED 

April 19't3 as 
Memorazidvaa Beport 

AN IMVESTIGATIOII OF THE AIB FLOW AEOUTTO A MAETIH 
PBM-3 FOTKG BOAT BY MEANS OF TUFTS 
By William J. Nelson azid John W. Ebert, Jr. 

Langley Memorial Aeronautical Laboratozy 
Langley Field, Va. 




WASHINGTON 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research resvilts to an authorized group requiring them for the wjur effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - 67U 



MI3M0RANDTJM RTCPORT 
for the 

Bureau of Aeronautics, Navy Department 
AN INVESTIGATION OP TllH AIR ?T,.OW AROUND A MARTIN 
P3M-3 FLYING BOAT BY MEANS OF TUFTS 
By V/illiam J. Nelson and Jolin W. Ebert, Jr. 

INTRODUCTION 

Observations by neans of tufts have been made of the 
air flow around a f'artin PBM-3 flying boat. These ob- 
servations are part of an analysis being conducted by the 
NACA for the Bureau of Aeroriautlcs to aid in the determi- 
nation of possible methods of reducing the air drag of this 
airplane. The behavior of the tufts on the hull and tip 
floats at various airplane speeds has been recorded by 
still and moving pictures taken from an accompanying air- 
plane j tufts on the wing, nacelles, radar fairing^ and 
gun turrets v/ere observed but not photographed. 

MT^ITHOD AND TESTS 

Tlie investigation v/as made on the Martin PBM-3 
(no. 6457) flying boat at the Naval Air Station, 
Norfolk:, Va. (See fig. 1.) Satin ribbons l/2 inch 
wide and 4^ inches long v/ere attached to the airplane 
with waterproof cement and v/ere arranged in rows parallel 
to the base plane of the hull. The tufts were attached 
to both sides of the hull and on the bottom, the left tip 
float, the radar fairing, the engine nacelles, and the 



center section of the wing. The space between the tufts 
varied from 6 to 24 Inches. 

Still pictures vrere made of the airplane in the fol- 
lowing conditions: 



Indicated 


Lift 


airspeed. 


coefficient. 


knots 


cl 




(approx, ) 


94 


1.02 


116 


.67 


137 


.43 


166 


.33 



Motion pictures were also made at these coiiditions arid a 
copy is included as part of this report. 

RESULTS AND DISCUSSION 
Photographs showing the alinement of the tufts on the 
hull and tip floats of the PBM-3 flying boat at the various 
airspeeds investigated are given in figures 2 to 9. ..-ecause 
so:-e of the p".,;.otbr^ra'3hs aS'o.not c lea:.:, part . of the follov/ing 
discussion is based on visual observations of the motion 
of the tufts. 

At all airspeeds, the cross flow over the sharp fore- 
body chine resulted in flow separation Just above the 
chine line which caused the tufta in this region to stand 
away from the hull. The violence of the separation was 
greatest at the low airspeeds and the region Influenced by 
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the separation extended farther back along the aides of the 
hull. The tufts above the chine, for some distance bc-hind 
the separated region, were deflected doxwiv/ard by the in- 
duced velocity resulting from the vorte:: motion over the 
sharp ohlne. The severe separation occurring at low 
airspeeds explains in part the hi^^b. drags measured on 
flying-boat hulls at large angles of attack. 

Above the chine along t;b.e sides of the hull, the 
flow was generall^r parallel to the direction of flight. 
The effect of the v/lng in deflecting the flov; over the hull 
is plainly evident in x'igure 2. The flow over the tail 
extension, at an airspeed of 94 knots (fig. 2), was smooth 
and nearly parallel to the base line; no separation was 
apparent in this r'?gion. The flow aroimd the stern post 
was affected to a large extent by the separation at the 
vertical step on the sides of the afterbody. Behind the 
main step, turbulence extended aft approximately 10 feet; 
from this point to the stern post, the flow along the 
bottom of the hull was smooth. 

The flov; over the starboard side of the hull was 
generally similar to that observed on the port side. 
(Cf. figs. 2 to 4.) 

Increasing the airspeed from 94 to 116 Icnots caused 
only slight changes in the flow over the hull, as nay be 
seen by comparirig figures 2 and 5. The angle betv/een the 



relative wind and the hull was decreased approximately 5 , 
and the tufts over nost of the hull therefore lie nore 
nearly parallel to the base line at the higher airspeed. 
Similar snail changes in direction of flovv' were noted vjhen 
the speed was increased from 116 to 137 knots. (See 
figs. 5 and 7.) 

At 166 knots (the high-speed attitude) the flow along 
the sides of the hull was parallel to the base line (figs, 8 
and 9) . The inclination of the tufts along the forebody 
chine indicates an appreciable reduction in cross flow over 
this corner. Turbulence behind the main step, however,, 
appeared to extend somewhat farther aft at this speed than 
for the lower speeds. 

The effeet of changes in flight speed and attitude upon 
the flow over the wing-tip floats is shown in figures 2, 5, 
6, and 8. At 94 knots the tufts on the bottom of the 
float indicated a strong flow toward the chine; the tufts 
just above the chine v^ere steady and appeared to stand away 
from the surface, again indicating a strong vortex in this 
region. The cross flow was still present at 166 knots, 
although it was less pronounced than at the lower speeds. 
The flow over the afterbody of the float and behind the 
strut fittings. was turbulent at all speeds; however, the 
turbulence decreased at higher speeds. 



- 5 - 



The tufts behind the nose turret Indicated slight 
turbulence ahead of the windshield at all airspeeds. 
Behind the deck turret the tufts oscillated continuously 
through an angle of approximately 30°, showing severe 
turbulence in this region. 

Over the radar fairing the flov; was generally smooth; 
tufts in the last two columns, however, were slightly 
unsteady. Turbulence was also apparent along the top of 
the hull aft of the radar installation. 

The flow over the afterbody of the nacelle was always 
rough. This turbulence may have been caused in a large 
measure by the position of the cov/1 flaps which were 
partially open during the entire tests. At the lower 
speeds the flow over the upper surface of the afterbody of 
the nacelle was unsteady, but no separation in this region 
was indicated at any speed. 

SUMTIARY OP RESULTS 

1. The air flow over the hull was generally parallel 
to the direction of flight. 

2. As a result of the cross flow over the sharp 
forebody chine, flow separation occurred above the chine 
which caused the tufts in this region to stand away from the 
surface. The vlolerce of the separation was greatest at 
lov7 airspeeds. 
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3. A flow separation similar to that over the hull 
occurred above the chine on the tip float. Flow separa- 
tion also occurred behind the step on the tip float at 
all flight speeds. 

4. Flow separation occurred on the hot tow of the hull 
for approximately 10 feet behind the main step. The length 
of the region of separation vms greater at the high-speed 
condition. The flovj wa8 also dlaturbed behind the vertical 
steps on the sides of the afterbody, 

5. The flov; was turbulent over the engine nacelles, 
ahead of the v/indshield, around the jioncture of tho radar 
falrin.i;;, behind the top turret, and behind the tip-float 
strut jurctures. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Corrmlttee for Aeronautics, 
Laucley Field, Va., April 16, 1943.. 
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